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The need for a "FLYING-TEST BENCH" to enable measurements

of flight resistanece, engine and propeller power and efficieny

t0 be made during flight was experienced in interested aircles

as early as 1915, and it grew in proportion to the constant de-

mand for increased flying capacity in our military types of
alrcraft.

The problem was workedl out in various wa.s;s by the German
Aeronautieal Laboratory (D.V.L.) at Adlershof. Unlike the method
observed in the actual flying test-bench, where the engine must
be so installed that it ean work freely, a DYNAMOMETER HUB" was
inserted between the engine and the propeller by the D.V.IL.

It was approved of as an acaqurate measuring device by the Pro-
peller Testing Department of the Technical Section of Aviation
(F1z.) -at Adlershof, and was accordingly constructed there.
Measurements of stress are als taken in this case by manometri-
cal pistons constructed by the D.V.L. in accordance with the

ratent taken out by Professor BENDEMANN, who readily consented.

* From "Zeitschrift flir Flugtechnik und Motorluftschiffahra, ©
Vol. X, No.lS.
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to its Peing ubtilized by the D.V.L. -The Flz. developed the du-
viée into a thrust-dynamometer only - i't‘.s. original purpose was
that of measuring propeller thrust - while a still newer type
rendered it possible to measure to.rque moment also. After fav-
orable test-bench results had been obta.ined the first flight
'tes’csz were made with the dynamometer hub in the spring of 191'?
'a.nd further good. results were obtained in mnumerous flights.
The eff:.ciency of the engine aould however ‘be determined by
the tra_nspos:.tlcm: of calculations of ite power at the.tes.t-benali.
It would take up too much space to give a detailed: account of
the testa, which are but of minor importence.

~The device constructed by W. STIEBER, of the D.V.L.., ful-
filled the requirements of a torque measuring -a;ppa.ra.tus from the
outset; The construction a.nd. work:.ng of this hub were ﬁllly de—
,sc.‘tzibed. in “Technlschef Beriohte T Vol. III, No.&, p.331, f:;om
which. we quote the following main points.:

‘The propeller is ndt rigidly seécured to the engine cons,
but is free to revolwe or t0 mowe towards the econe. The trans-—
mission of torque from the engine to the propeller, and the
tranemission of thrust from the i:rop&lle:r to the engine takes
Place thro_ugh dynamometrieal pistons by which both torgue and
thrust may be measured. - The dynamometer hub oonsists of fhre_e

-prin, gipal parts (see Figs. 4, 5, 8, and 7);

The cone a is secured 1o the engine shaft in the usual way,

by a tightening nut e. The hub-piece h, to which the pro-

pellexr is fastened by a flange and a boli, is located on the oyl-
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indrical surface of the eone and is free to revolvwe or to be dis-
placed. The support u foxr tb.e eylinder is -securely attached

| to the eone a by a toothed ccupling d. Four pistons are l'o-
cated in this support, two of which are at a tangent for trans-
mission of the propeller torque, and two parallel to the axis

to receive the thrust. DBetween the pistons and the hub-piece,
and in order to ensure their freedom to move on the cone, rams

are inserted, which revolve on pivots. The pistons are tighily

ground into the eylinders (see Figs. 5 & 11). There is .a pres-
sure liquid in the interior of these eylinders - oil in the pres-
ent instance - and the pressure of this oil eorresponds to the
pressure on the outside of the piston caused by the action of
the valve control, which consista of a digtribution piston axi-
ally connected with the main piston. The portion of the distri-
bution piston fitting into the eylinder bore is finished off in
triangular form and the small end of it, which projects out of
the bore into a small pressure space, is ‘again ground into per-
fect eylindexr form.

Bores connect the inside of the ceylinders with this pres-
sure space, and the triangular portion of the distribution eyl-
inder is directly connected with the high pressure oil. The
working is such that when the forces ‘inside and ocutside the _'g;is—
ton are in equilibrium, the high ;:ressurea oil is cut off from |
the interior of the eylinder through the distribution piston.
When oil escapes through lack of tautness, the main piston and -

gonsequently the distritmtion piston fall in, to some extent,
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leaving the commnicaticn bétween the triangular space of the
distribution piston and the inside of the eylinder exposed. The
high-pregsure oil then gushes out until the equilibrium of the
forces is restored and the_cnmmunicatioﬁ closed, Vhen the eyl-
inder is empty, the pressure decreases.according 0 the hydrau-
- lic properties of the oil. For this reason, the piston always
takes up a certain position in the cylinder, determined Tty the
finagl position of the distritmtion pisfon. Thig éosition of the
piston, in which the ram lies perpendicular to the .eylinder sur-
face and thus in the exact line of force, is known as the "work-

ing position.® Only one of the two torque and-thrust pistons

are controlled; the others are connechted with the pressure space
of the first two. The pressure of the thrust piston being lower
than that of the torque, all that is needed is a high-pressure
conduit which is conpécted.with the distribubtion piston of the
latter.

The high-pressure o0il for the thrust piston'is dbtained.frog
the pressure chamber of a torgue piston. The pressure chambers
aie, moreover, connected by piping with indicators that record
directly on a drum the pressures corresponding to the piston
forces. The centrifugal forces of-piston and oil in the torque,
which might obstruct measurements, are obviated by adjusting the
center of gravity of the pistomns, and by filliﬁg the @ylinder
spaces in front of the pistons with oil. The high-pressure oil
conduit from the torque dynamometer to the stationary piping

takes place through pipes with plugs. The fixed plug has four |
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bores, into which leads the high-pressure piping, the mea.sure'xglent
piping for thrust and torque moment,l and a lubrication piping re-
spectively. Grooves are cut to correspond with the torque piping,
and these groowes are also correched with the joints of the dyna-
mometer support by piping. The if:inrication Piping may serve a

- need as pressure lubrication for .the inner ‘.'bea.ring surface. The
four pipings then pass over a steel bearing block from the plugs
and round the torque plane of the propeller to the inst:mmen'b‘
table for eontrol and use, which is installed in the observer's
codkpit (see Figs. 13 & 14,.drawing B46).° This.table bears the
pumping installation as well as thée recording device, and is
mounted on a pneumatic tube to_be 'secure against shocks., It is
80 contrived that the oil is supziliedi to the pressure-punmp from
an 0il tank which can be adjusted to the requisite pressure -
‘general 1y about 40 to 60 kg/cm.® - and is driven by worm gear
from the samshaft by means of a pliable shaft, but.which can aleo
be manipulated by hand. The oil pa,sses to the pump over an air-
chamber in the high-pressure piping bullt into the oil-tank.

By commutation with a three-way cock, the hlgh-—pressure 0ll may
be conducte@ into the torque piping and thus pass directly into
the torque eylinder, through the rotation of the distri‘r‘m'bion
piston, at the moment when the _high—pressure piping is blocked,
thus foreing back the piston until it touches the adjoining -
piece. Any displaceement between the cone and the adjoining
piece is thus prevented and the hud becomes entirely rigid. This

is called the "LOXED POSITION.™ At starting, or when the engine
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does not run smoothly, the hub is duly closed, as also in gliding
flizht on short journéys. An extra cock controls the high—
Pressure oil in the lubrication piping. The recording device
consists of a half-hour diagram surfaée with three indicators.
The latter are placed at spaces of 80 mm. round the circumfer—
ence o} the surface of the disc and are of brqportional'lengths;
These spaces must be taken into account in the tracings made by
the indicators. Torque, thrust and velocity are recorded, the
latter being measured by a pressure plate worked by a piston. -
A revolution chronometer made on the same principle unfortunately
failed. in the preliminary tests, though it would have been most
useful in establishing precise values by recording torque,
thrust, number of revolutions and velocity in one diagrem.

After many preliminary aero-mechanical tests had been made
at the bench as early as the autumn of 1918, flight tests were
made by the D.V.L. and were continued in spring by the FLZ*.

They were then set aside for more urgent tests. 4 year later,
they were resumed by the propeiler section of the FLZ. with a
special airplane and a new D.V.L. hub, when it was intended

that propeller investigations should be carried out first of all.
The auxiliary instruments as well as the hub were carefully re-
calibrated before being installed. in the airplane, so that the

requisite accuracy of the measuring degrees might be ensured.

* See EVERLING'S "Temporary Resilts of Measurements with the Dyn-
amometer Hub," "Technische Berichte," Vol. I, No.3, p.54.
These results were confirmed by later measurements by F. #il-
ler, as yet unpublished. See also "The Dynamometer Hub and
the Flywheel of the Engine," Zeitsch.f.F.& M. 17/18, p.18l.

(Translation on file in this office, see Report #5348-15.)
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The.hub was calibrated at an electric test bench by comparative
tests made with thrust and torgue moment balance. Torque and
thrust are the prbduct of diagrem pressufq X the transmission
factor. The latter is given by the ratio of the indicator ahd
the cylinder openings (see Table i). .

The considersble but constant difference betwsen the Sorque
- moment values of hub and balance was due fo én error in cali-
| bration. The values of thrust werq'faworéb;e. 1 to 2% insensi-
bility of the test-bench balance must here be taken into account.
The pressure disc for measuring yelocity-Was calibrated in the
D.V.L. wind-tunnel, by comparing the micronometer and the Pitot
tube. A wind velocity of 130 to 140 km/h eould be attained.
The constant X (see Table 2) was given by the ratio

h = K.q.

h = height of diagram in mm.

q = dynamic pressure in kg/m®.

The limit of errors of zbout 3% in the irelocity measure-
ments seems to be extremely high. If 1% be calculated in the
measgurements of torgue, thrust and velocity respectively, as
much as 3% can be obtained in calailating the propeller effic-
iency: -

c = 0.992 . 0.99 v
1.01 . M . n

P . v

= 0.87.C T

P = thrust, M = torque, v = velocity, n = r.p.m.
In et imating propeller performance, egecially when various

types are being compared, even such an errcr as this is extreme-
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ly unpleasant. It is therefore most desirable that the pressure
disc itself should be further improved. For the tests, it there-
fore appeared to be desirable to utilize a second pressure disc in
order to obtain the mean values; for want of a fourth indicator,
however, it was substituted by -a Pitot-tube and an Atmos indicator.
The HORN tachometer was finally subjected to re-calibration every
fifty revolutions.

The entire testing applience was then built into a Ru € I air-
plane with a 160 HP engine (Fig. 13). The Ru C I combines favora-
ble graduation of veloaity with good climbing qualities and is
therefore most suitable for propeller tests. The chief dabta are.
as follows: surface area 38 m.2, span 12.34 m., length 7.91 m.,
wel ght in itself 530 kg., measuring hub with énxiliaxy instruments
80 kg., total weight empty 873 kg., two passengers 150 kg., fuel
and oil 170 kg., ballast 30 kg., airplane in flying condition 1324
kg. There was no difficulty about the installation. In laying
the piping, sharp curves had to be avoided carefully. The writing
drum was installed in the cobsserver's cockpit, secure from shocks
and separatedlfrom the crankshaft by a second branch of the pump
piping, and the pressure disc was secured to the front strut in
such a manner that it can turn freely in the wind stream. The
equipment was completed by a barometer, three barographs, a gaso-—
line indicator for engine tests, an anemometér for the pilot's
Observation, a thermometer and signalling apparatus. - The lack of
equilibrium to the hub was compensated for by 30 kg. ballast in

the observer!s cockpit.
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When funetioning in working position, the distritution pistons
of the measuring hubs play on the orifices of the borings of the
distribution pistons. When the oil is sufficiently thin, this play
is particularly noticeable in the torque curve, through the fine |
oscillations that take place. It is probably also due to the elas-
ticity of the pressure piping and the lack of smoothness of the
torque of the engine. These oscillations sometimes increased; -
especially in curves or squalls'— until the hubh struck against
the clappet shaft of the hub piece intended for blocking, and
caused such shocks to the engine and the airplane that the meas-
urements had to be interrupted by stopping the engine  and block-
ing the piece. With a view to reducing the oscillations, the most
smoothly~running engine possible was installed, the propeller was
carefully balanced and gauged, and the regulaxrity of pitch was l
re-measured. A dynamic baglancing method would be advicable. The
pressure pipings were also carefully ventilaied: ¥hen the piping
of 3 x 4 mm. diameter was finally replaced by piping of 6 x 8 mm.,
the oscillati ons ceasedi almost ent&rel&, vhile the indicators re-
sponded more quickly when the pressure changed. .This confirms
the supposition that throttling occurs in the thin piping conduitg
when the hub is sulijected to more rapid pressurc.

The further development of.the tests, especiaglly as regards
further difficulties and derangements, can best be seen from tables
ant roughly drawn &iagrams. The first point toc be considered is
that of c¢btaining propeller characteristics; that is, thrust and

torque should be given in the course of the tests. The conditions
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of testing were simplified by taking the points of measurement, as
far as possible, at uniform eltitudes. The thrust of the propeller
does not depend upon the position of the airplane in the chamber.
The component weights of propeller and hub piece, included in the
measurements taken by the dynamometer hub, are of no practical ac-
count with a weight of about 30 kg. and when the axis of the en-
gine shaft is in a comparatively slightly transverse position..
The curve points of the propeller characteristics can actud ly be
obtained by varying the veloeity and the engine power. This was
carried out by the pilot at an altitude 6f about 800 m., when he
stated, by means of & signalling device, that the exact weloceity
of the airplane was 180 ¥m/h. At am a.l’citﬁde of aboilt 1000 M.,
the diagram showed that a state of equilibrium had been attained.
In passing through 1000 m., a measuring point was marked on the
diagram and readings of the number of revolutions were simultan-
eously taken with those of the barometer and thermometer.

At an altitude of agbout 1200 m., the engine was throttled and
the airplane was brought to a constant gliding velocity of 140
km/h. The passage through 1000 m. was marked with another meas—
uring point, and at 800 m., the engine ’chréttle was again fully op-
ened in order that a fresh climb could be made at another velocity.
Drawing B46 shows the pressure curves of torque M, of thrust P,
and of veloeity v, which were simultaneocusly drawn. The local
change of position of the indicators amounts 0o about 60 mm. in
the diagram. When there was a sudden change of conditions, the in-

dicators responded slowly. This inconvenience is especially not-
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ceable in the v ecurves, where the measuring points are but parti-
1ly utilizable, as they fall between two equilibrium conditions

£ the curve in the transmission portion.

Derangement in Measuring..

This error was élso reduced by the gpplication of further pip-~
.ng and thinner oil. In order to aohtrol the adjustment of the in-
iicators and to determine the occurrence of clogging when necessa-
¢y, the indicators were mnmentaxil& connected to the atmosphere at
frequent intervals. The effect of this is éeen by the recurrence
of deep indents in the M curve. Unlike the donstant measuring
points of the torque moment, the thrust and doefficient of efficien~
cy vary greatly in this ®ase; asin the tablesgiven further on. A
thorough investigation proved that there Was';iogging on the bearing
surfaces of the hub and cone pieces."The-frictional forces were .
added to the propeller thrust in the readings given by the hub, with
the result that the thrust and coefficient of efficiency given were
too high. It is anything but eay t© grind in the piston so as to
avoid friction, due either to slight deformaﬁion of the hub flange
on account of the unequalized thrust of the propeller bolts or to
expansion of the wooden hub due to changes of weather, and to in-
sure, at the same time, the safe guidance of the propelle r shaft.
Similar clogging also occurs in the cylinder

The pistons, tightly fit%ed in on aceount of the high working
pressure , are especially liable to seizure by reason of their ghort
oscillating motion. This friction is clearly shown by the H¥ curves

in test No. 8. The pistons were therefore ground in less tightly,
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gnd increased loss of oil was takem into account. Test 13 (see
drawing B46) wadintended o prove the decrease of forque and *
thruist with atmospheric pressure at constant 'fliglzzt velocity, and
t0 chow the exactitude of the measurements by the consbancy coei-
ficient of the measuring points. The tests could be executed at an
average velocity of 115 km/h. Assuming that there is a lineal func-
tion up to that altitude, the wmeasurements of torque moment show
mean deviations of * 3 to 3% Test No.17 also shows a constant de-
crease of torque wii.:h atmospheric pressure. The thrust values

are all too high. As a new engine was used, — the third since the
cormencement of the flights - the measuring poin'bs' are compared
with those of Tes No. 18. After renewed overhauling of the dyna-
mometer, Tests 19 and 30 remxlted in a series of measuring points
at a similar altitude, at similar velocities. The torgue momends
coincide satisfactorily, but the thrust and efficiency are again
too high.

A second dynamometer was then procured, specially intended for
engine tests and similarly installed in a Ru C I airplane. The de-
rangements above desoribed ale ococurred in this instance, though
better thrust values were obtained. The test alrplane, which was
unfortunately strongly influenced by the frequeny poscillations and
repeated méuﬁ’;ing and dismounting of the eng'.inés, was replaced at
the same $ime by two new Ru O I airplanes with reinforced ocaxrisge,
-elas i¢ engine bedding. a_nd a spacious ;:Qckpi’s for the o'pgervé;;. |
tne of these alrplanes wag to be equipped w:.’gh a 180 HP B M.W. en-
gine for altitude tests, gn altitude of 300Q m. being the hlghest

posgible maximum for the old a;rplane, dug to the infgzlgxiquallty
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f engine fuel then available. As soon asthe dynamometer was in-
sballed, the tests emerged from the long preliminary stage and
rere developed intcf gystematie and useful measurements. About
1tilizable ted tables had been obtained by this means before the
Jutbreak of the Wir, which put an end to further investigations.

Many objections to the dymamometer have been raised by people
#ho based thelr opinion on the .obvious iﬁac@racy of the measure—
menfs taken in early tests, and aiso on the ladk of systematic test.
results after comparatively long testing actiwities. This latter
omission was due to the fact thas the Board of Aviation was over-
whelmed with other and more urgent work for the front. The emachi-
tude of about ¥ 1% for torque measurements, as shown by the tables,
is quite adeqx;.te o r engine tests.

The error limit in thrust and velocity measurements ean be re-
duced. to comsiderably less than the 3% so far attained, when the
results that have been obtained can. be applled. The preliminary
econditions needed for the perfect functioning of the dyna.mometer_
may be classed under the following main headings:

1, Correct bearing clearance between the hub-piece and the
eone-piece and the dynamometexr/ piston, with frequent con-
trol of same.

3. Frequent ;:ontrolling of the indicators and their ‘springs.

3. Buitable viscosity of the oil under various weather con-
ditions.

4. Rigowous protection from dust of the organs of the dynamom-

eter and oil pipings.

- -
v e

Fir UL TS S S TS
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Taken as a whole, the tests prove that though the dynamometer
is a sensitive measuring instrument ligble t0 numerous derangements
it is undenigbly useful even in. ite present form, when handled with
care and skill. Facilitabing, adit does, the possibility of main-
taining the fixed position of the engine, the blocking ocut of the
weightt effect when the airplane is in a sloping position, and the
possipility of taking direct measuremen’c,é‘ of force at the point of
transmission, the dynamometer appears t0 be by far the best solu~
tion of the problem of a flying test—b.ench', utilized as a hydraulic
balance with the smallest possible measuring stroke and the least
tendency to oscillation. It is therefore most desirable that fur-

ther inves:bigations should be made in this direetion.

(Translated by the Paris Office, N. A. C. A.)



-l'5— \

Table 1.

Dynamometer BHud No. 4,
Ru CI 8367, Flz.
Calibration at the Electrie Propeller Test—Bench. (15/4/18)

Torgque Monment

ve

. Test-bench -+ Indicator . Errors in %
} “Skgum. : Pinkg/am® | Minkeg/m |
1 : 80 : 19.6 77.5 : -3.0
2 : 70 : 16.8 : 66.5 : -4.8
3 : 60 H 14.4 : 57.0 : ~-4.8
4 50 : 11.9 : 47.0 B -5.8
5 : 40 : 9.8 : 8.0 H -%&.0
6 : 30 l: 7-5 . Ego’{ H “‘1-0
7 H 80 : 12.5 : 77.5 : -3.83
8 : 70 : 16.8 H 66.5 : -4.8
9 : 60 : 14.4 B 57.0 : -4.8
10 : 70 : 18.7 : 66.5 : -4.8
: Thrust :
: : : * Remarks
. Test-bench . Indicator . Errexs .
': ba.lance P : 3“‘: . in .
2 in kg. . p kgw/em.” . P in kg. . :
1 : - H - : Springs : - :Gradustion
a : - : - : too weagk - :0f springs
3 : 330 : 13.5 : 3%3 : +5.g : fM=2mm.
4 : 2374 : 10.8 : 3 : -l. : = .
5 : 231 . 8.8 : 230 : oiz o TPmemm
6 : 170 : 6.6 : 185 : -2.8 :
7 : 426 : 16.9 : 425 : ~0.3 :
8 : 376 : 15.0 : 376 : 0 : £fP = 3 mm.
9 : 336 : 13.1 : 330 : +1.3 :
10 : 375 : 15.0 : 376 ot #0.3

LX)
TR}




Pressure Disc No.

- 16 -~

Table I

1. Calibration in the ¥Wind&-Tunnel.

. Mean pres-—

Ordinate read : Constant :Deviagbion:Deviations

Test: sure due 50 : on the diagrum: k = h/q :from mean:of velocity
: velogty - : h in mm. : :valug in : in %.
H . : s M 0 .
1l 14.25 : B.5 : 0.458 r =Tl : 2.7
4 284.60 : 13.3 : 0.800 ;. H.3 : +1l.1
3 32.10 - : 15.3 T 0.474 1 B.7 -1.9
4 45.50 : 83.3 v 0.491 s 0.4 : -0.6
5 : 55.00 : 27.5. : 0.-500 : +H.3 : +1.1
8 85.1 : " 31.8 : 0.478 : =&0 . =1.7
7 87.8 : 35.0 : - 0.517 ¢ 4.7 T 48.17
8 : 85.5 : 43.0 1 0.823 : 2.0 : +1.4
g 33.1 : . 16.0 +° 0.488 ¢ +.3 : +#.1
10 54.2 : d7.8 : 0.514 : +4.2 : +3, 1.
Table 3. *=%

Dynamonmeter Hub

Tegt No.3. Ru € T 4187, Wolff Propeller No.ll0Ob.

tSpeeific: Torque Thrust: Flying :

No. ‘Grav1ty

:Engine:Flighi:Propellex
tVeiogity:ir.p.m. tpoirer :effic-:efficien-

.1--.

of : of the : P = kg:v=km/h :N,HP : ey : ey
read-: air : : : n/min: Np=HP : 1 = ¢
ing y=kg/m® :iu=kew.: T : : : :
1 :1.830 : 8b.6 : 397 : 135 :+ 1380 : 165 : 137 : 84
8 : 1,858 : 8l.8*: 293 : 134 v 1375 « 157* : 134 : 86%
3 : 1.313 ¢ 84.5 : 384 : 1233 : 1335 ; 185 : 134 : 81
4 :1.208 : 83.8 : 388 : 131 : 1400 + 188 : 140 : 86
5 : 1.185 : 9.7 : 3723 : 1186 s 1385 ¢ 151 117 ¢ 7Y
6 : 1.185 : 7B8.0 : 364% : 159* 1 1480 : 18K7 : 156* % -QQ9%
7 ¢ 1.185 : 78.3 : 2360 : 135 : 1380 : 158 : 1x®0 1 78
8 + 1.197 : 78.5 : 349 : 132 1 1370 148 =+ 113 : 77
@ : 1.190 : 75.7 : 354 : 148* 14850 : 153 : 139* : O1%*
10 @ 1.1l : 76.5 : 3568 : 130 : 1400 : 149 = 123 : 83
11 1.302 : 76,5 : 259 : 128 1430 : 153 _: 133 80

o Test 2. 18. 19

* Derangement in measuring.

(See Drawing B 45)
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Table 4.
Measuring Hub Test No.1l2. Ru C I 4167. Wotan Propeller No.3640.

:Specific:Torque:Thrust: Fly1ng~ :Engine:Flight :Propeller

No. :Gravity : : :Veloc-:x. p.m-. power:effici-:efficiency
Read-:of air : : ity ¢ P enegy
ing :v =kg/m® -M—kg/m P=kg :v=km/h: n/mln.: y=HP :Np =HP: 7=
1 :1.188 : 73 : 272 : 119 : 1440 : 147 : 130 : 83
2 :1.185 : %3 : 278 : 118 : 1440 : 145 : 131 : 84
3 :1.130 : 68 : 385 : 118 : 1430 : 136 : 116 : 86’
4 : 1.087 : 87 : 360 : 118 : 1430 : 134 : 114 85
5 :1.083 : 66 : 2681 : 115 : 1430 132 : 111 : 85
6 : 1.063 : 64 : 260 ~ 115 : 1440*’ 128* : 111 : 87*
7 :1.041 : 63 : @58 : 115 : 1440*' 126* : 110 : 88*
8 : 1.007 : 63 : 240 : 115 : - : 103 ¢ -
g :0.983 : B¢ : 345 : 116 : 440*- 118* : 104 : 89*
10 : 0.971 : 58 : 235 : 114 : : - : 99 -
11 =

0.967 : 5%.5: 230 : 113 : - - : g6 -

2

% Pest 5. 29, 18. (ove Draflng B—45)
* Approximately {(zr.p.m. varies greatly).

Table b.¥*xx

 Dynamometer Test No.17. Ru C I 4167. Wotan Propeller 3640.

:Specific:Torque:Thrust:Flying: :Engine:Flight :Propeller
:Gravity : : :Veloc—:r.p-m.: power:effici-:efficiency
No. :of air : : : ity : : ency
Readr: : : : - : : :
ings :v =kg/m*:M=kg/m: P=kg :v=km/h: n/min:Ny=HP :Np = HP: 1 = 4%
1 :1.184 : 66 : 260 : 139 ¢ 1440 : 133 : 134 : Arl
2 :1.180 : 64 : 365 : 134 : 1430 : 188 : 131 : the’
3 :1.080 : B3 =: 2380 : 136 : 1430*: 184 : 121 : thrust
4 :1.031 : 60 : 347 : 125 : 1430*: 120* : 115 : values
5 :1.030 : B9 : 337 : 134 1440 :@ 1239 : 117 : are
6 : 1.031 : B8 : 330 : 143%%. 1470%: 119* : 133%*: too
%7 :1.022 : B8 : 236 : 143*%*: 1470%: 119% : 130**: high.
8 :1.013 : 58 : 343 : 137 : 1430*: 118* : 114 : -

**% Tegt 6. 13. 18. (See Drawing B-45)
** Derangement in measuring.
* Approximately.
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T able B6.*%*

Dynamometer Test No.19. Ru C I 41687. Wotan Propeller No.3640.

—

- Spec1f1c' SR Flylng. Englne Fllght ;. Propeller
No. : Gravity: Torque Th;ust Veloc—~r p;m.;pEWer' effici~t effisien-
of .- of air“-‘i“* S L f : ency - ¢ ey
Read—-: : : : :

ing :¥ =kg/m° M?kg/m:P =_kg:v—km/h,nﬁminﬁ  Ny=HP NF =HP: M =%

1l : 1.093 : 70.1 : 879 : 115 . 1420 . 139 : 118 : 85

g :1.108 : 38.8 ¥ 100 : 137 : 1350 : 68 : 51 : 75

3 ¢ 1.098 : 71.2 : 368 : 134 : 1435 : 143 : 123 : 86

4 :1.102 : 40.8 : 105 : 137 : 1340 : 71 : B3 : 76

5 :1.088 : 71i1.2 : 852 : . 131 : 1450 : 144 : 1386 : 88

6 :1.085 : 70.6 : 357 : 133 : 14E0 : 143 : 12K b2 88

7 :1.098 : 71.2 : 385F : 143 : 1475 : 147 : 13%F - 91

8 : 1.098 : 70.8 : 276 : 115* : 1430 : 146 @ 117* 84*

S T 61 T 85

: 1,098 : 41.8 : 1230 : 137 : 1340 : 72

**Test 7. 1B, 18, (See DBrawing B-45).
* Derangement im measuring.

NOTE: Nos. 1, 3, 5, 7 and 8 were flown with full intake,
Nos. 8 4 and O were flown with gasthrottled down.

ok

Table 7T.*%*

Dynamometer Test No.280., Bu O I 4167. Wobtan Propeller No. 364Q.

tSpeeific: : :Flying: 'Englne Fllght. Propeller
No. -Grav1ty Torqpe Thrust Veloc— r.p.m. :Power :effic-: efficiency
of :of air : : : : : °1ency : :
Read-: : : : : :
ing, :¥ =kg/m3:¥M=kg/nm: P=kg.:v=km/h: n/min:NM =HP:NF =HP: n =4
1 :1.085 :88.1 : 282 : 127 : 1480 : 141 : 133 : o2
3 : 1.07Q : 687.7 : 23823 : 137 : 1480 : 140 : 133 : 83
3 1,100 : 40.4 : 131 : 143 : 1380 : 78 : 70 = 87
4 : 1,100 : 70.5 : 283 : 139 : 1480 : 148 : 130 : 89
5 1,07 =: 67.4 : 377 : 1838 : 1480': 138 : 131 : 94
6 : 1.108 : 39.6 : 185 : 145 : 1320 : 71 : 87 : 84
7 :1.100 :68.5 : 2383 : 130 : 1480 : 147 : 138 : 93
n 8 : 1,108 ; 32.8 : 131 : 146* : 1380 : 70 : 7i* : -

** Tggt 13, 7, 18, (See Drawing B-48).
* Derangement in measuring.

NOTE: Nos, 1, 3, 4, 5 and 7 were flown with full intake.
Nos. 3, 6 and 8 were flown with gas throttled down.
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